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Abstract 


Background and objective: increase in renal blood flow in response to certain 
stimuli such as dopamine infusion, oral protein load, and amino acid infusion. Reduced 
or absent renal functional reserve (RFR) is an early index of renal impairment. Our 
work studies the (RFR) in Chronic Obstructive Pulmonary Disease (COPD) patients 
with chronic compensated type 11 respiratory failure. 

Methods: Our study included 15 COPD patients with compensated type II respiratory 
failure and 5 normal controls. The patient group had mean Pa O2 56.546.4 and Pa CO, 
56.5+3.2, while in normal controls the mean Pa O, was 97.4 + 0.3 and Pa CO» was 42.3 + 1.2. 
Hypoxic patients (Pa O2< or =59mm Hg) allowed to receive low flow oxygen by nasal prongs 
to keep their Pa O» >or = 60 mm Hg and Sa O» > or = 90 % without rise of PaCO, within 2 
hours before and during the study. The pulsatility index (PI), an index of reno-vascular 
resistance (RVR), was measured non invasively by Doppler Ultrasonograghy at baseline and 20 
minutes after infusion of dopamine in diuretic dose. 

Results: The baseline PI was nearly similar in the control group and in COPD patients 
(no significant difference), the PI fell significantly in the control group after dopamine infusion 
from 1.03 + 0.14 to 0.83 + 0.1(P< 0.05), but increased significantly in COPD patients from 1.02 
+ 0.12 01.18 + 0.13 (P<0.05) after dopamine infusion. 

Conclusion: Renal functional reserve is impaired in hypercapnic COPD patients and this 
may be a factor in the development of edema frequently seen in these patients. 


Introduction 


cardiac output (COP) (Compbell and Short, 
1960). It now seems that the pathogenesis 
of edema in these patients would be 
correlated with gas exchange impairment 
and in particular with carbon dioxide (CO2) 
retention. The gas exchange impairment 
induces, in these patients several hormonal 
abnormalities: renin (Rn), angiotensin II 
(AnID), aldosterone (Ald), atrial natriuretic 
peptide (ANP) and vasopressin (ADH). The 
systemic response to hypercapnia has effect 
in renal haemodynamic by reducing the 
renal blood flow and, as a result, increasing 
water and sodium retention with the final 
effect of edema and hyponatraemia which 
observed in the final stage of COPD (Valli 
et al., 2004). 
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Renal haemodynamics are affected by 
changes in arterial oxygen (O2 and carbon 
dioxide (CO2). This has been well 
documented in patients with Chronic 
Obstructive Pulmonary Disease (COPD), 
especially during an acute exacerbation 
(MacNee, 1994). For several years water 
retention and hyponatraemia were typically 
observed in the final stages of (COPD) and 
the onset of edema was a poor prognostic 
factor. It was originally hypothesized that 
these patients had right ventricular failure 
secondary to pulmonary hypertension as a 
consequence of hypoxia induced pulmonary 
vasoconstriction, however in the absence of 
primary cardiac disease, most COPD 
patients had normal or even increased 
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cular failure and ischemic heart disease. All 
patients were receiving theophylline orally 
with inhaled salbutamol. Ten patients were 
receiving inhaled ipratropium bromide, 
while 8 patients were receiving inhaled 
steroids. None of the patients were 
receiving oral diuretics and 7 patients were 
receiving Angiotensin Converting Enzyme 
inhibitors (ACE). All medications were 
stopped 24 hours before the study except 
inhaled bronchodilators. Hypoxic patients 
(PaO, = or > 59 mmHg) allowed to receive 
low flow oxygen by nasal prongs to keep 
their Pa O2 = or >60 mm Hg and SaO, > 
90% without rise of PaCO, within 2 hours 
before and during the study. 

Five healthy volunteers were recruited 
from hospital staff. All of them were not 
receiving any medication. 

After taking verbal consent, all 
subjects were studied nearly in the same 
time (between 12:30 to 2:30 pm). They were 
fasting for the last 6 hours before the study, 
and subjected to the following: 


Ultrasonography: 

Recording was made while they lay in 
a half supine position. We used a real time 
ultrasound scanner (model: HEWLETT 
PACKARD [hp] SONOS 1000 77025 SA 
ultrasound system color duplex using 
convex 2.5 MHz probe) with color flow and 
pulsed scanning facility. Both kidneys were 
scanned via the translumbar route. A renal 
interlobar artery was selected near the renal 
hilum. The angle of the US beam was 
adjusted until the maximum Doppler 
frequency shift was obtained. From that 
sonogram, the integrated computer software 
calculated the PI. The PI is an indirect but 
sensitive index of the degree of 
vasoconstriction. The lower the PI, the less 
the resistance to flow (Rourke et al., 2006). 
We take the mean of 3 measurements. 
Cases with significant difference in their PI 
between the 2 kidneys were excluded. 


Dopamine Infusion: 

Dopamine hydrochloride, diluted in 
5% dextrose solution was given by IV 
infusion through solu-set in a dose rate of 2 
ug/kg/min. (diuretic or renal vasodilator 
dose). PI was measured 20 minutes after the 


Most patients with COPD, even those 
with edema, have normal serum creatinine 
with a normal or only slightly reduced 
glomerular filtration rate (GFR). It is 
known that kidney has the ability to 
increase the GFR and the renal blood flow 
(RBF) in response to certain stimuli such as 
an oral protein load, amino acid infusion 
and dopamine in vasodilator or diuretic 
dose (Ter Wee et al., 1986). This pheno- 
menon is known as the renal functional 
reserve (RFR), and is defined as the 
difference between the base line GFR and 
or RBF and the maximum value after using 
one of such methods (Memoli et al., 1991). 
There is no constant value for the RFR as it 
has been shown to vary between 10% and 
70% of the base line GFR (Ter Wee et al., 
1985). 

The pulsatility Index (PI) is an index 
of resistance to flow in vascular beds distal 
to the point of sampling, thus it is an 
indirect index of the degree of vasoc- 
onstriction. It can be measured non-inv- 
asively by Doppler ultrasonography 
(Rourke et al., 2006). 


Aim of the work 


The aim of this work is to study RFR 
in COPD patients with chronic compe- 
nsated type II (hypercapnic) respiratory 
failure. 


Patients and Methods 


Fifteen patients (all males) with 
chronic compensated type II respiratory 
failure were included in the study. They 
fulfilled the American Thoracic Society 
criteria for diagnosis of COPD, and had no 
acute exacerbation. They were all current or 
previous cigarette smokers. All of them had 
a history of lower limb edema, although 
only 5 had current edema. All subjects had 
FEV, (forced expiratory volume in first 
second) values of less than 1 liter and 
PaCO,.>47 mm Hg. Clinical examination 
and biochemical tests showed no evidence 
of Diabetes Mellitus (DM), renal disease or 
liver disease. ECG was done to all cases 
and echocardiography to some cases to 
exclude significant arrhythmias, left ventri- 
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the control group and in the COPD patients 
(no significant difference). In normal 
controls the PI fell significantly after 
dopamine infusion by 0.2 (24%) (p< 0.05), 
which means that the resistance to renal 
blood flow decreased in normal controls 
after dopamine infusion (Table 2, Graph 1). 
In COPD patients the PI rose significantly 
by 0.16 (15.6%) (p< 0.05 ), which means 
that the resistance to renal blood flow 
increased in these patients after the use of 
dopamine infusion ( Table 2, Graph 1 ) . 

P< 0.05, i.e., there was a statistical 
significant difference in PI before and after 
dopamine infusion in the COPD and control 
groups 


Table (1): Showing the mean age, FEV,, PaO, and Pa CO, in COPD patients and control 


start of dopamine infusion. Arterial sample 
was withdrawn from all subjects 
immediately before the study. We record 
both the pulse rate and the arterial blood 
pressure throughout the study. 


Results 


The study included 15 COPD patients 
with compensated chronic type H 
respiratory failure and 5 normal controls. 
All subjects were men. The mean age, 
FEV, and Arterial Blood Gas (ABG) from 
patients and controls are given in table (1). 
Renal response to Dopamine Infusion 

The baseline PI was nearly similar in 


group. 
كشك هشه هشه دنه‎ EEE EEE EE EE AE 3, Co o LLL LAL LLLP A 77 
COPD Controls 
(N=15) (N=5) 
CRUE EEE EE EEL EE EE EE EE EE EE EEE 4 . LUELLA LL LLL LEEPER A. 
. Age (years ) 52.4 + 5.6 38.2 +4.5 
| FEV, ( Liters ) 0.85 +2.1 3.2 +0.6 
. PaO, (room air ) (mmHg) 56.5 + 6.4 97.4 +± 3 
'PaCO, (mmHg) 56.5 +3.2 42.3 + 1.2 
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Table (2): Showing the PI before and after dopamine infusion in COPD patients and the 
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normal control group. 


کے 


COPD Controls 
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PI : Baseline 
PI: After dopamine 
P value 


1.02 + 0.12* 
1.18 + 0.13 
(<0.05) 


1.03 + 0.14* 
0.83 + 0.13 
(<0.05) 


EEE EEE EEE RE i+‏ و مي 


* = P> 0.05, i.e., there was no difference in baseline PI between ‘patients and controls. 


W Series 1 
E Series 2 


O Series 3 
O Series 4 





Controls 





Graph (1) : PI in COPD patients and Normal Controls 


Studies on normal subjects have generally 
shown an increase in RBF with moderate 
acute hypoxemia, probably because of 
increased catecholamine concentrations and 
COP. Paradoxically, RBF is low in chronic 
hypoxemia as in patients with COPD 
despite of normal or even increased COP 
(Baudouin et al., 1992). 

Sharkey et al. (1999); studied the 
acute effects of oxygen and CO, on renal 
vascular resistance using the PI in COPD 
patients, the study included 40 COPD 
patients with chronic type II respiratory 
failure, their mean Pa O, was 54 + 8.8 and 
Pa CO, was 54.8 + 8.8 Hg, they found 
significant decrease in PI (increased RBF) 
when they gave their patients oxygen to 
raise Sa Oto approximately 95%, started 
after 10 minutes, the PI fell further from 
room air values when Sa O2 was increased 
to 98% or to 99% (hyperoxemia; P< 0.05), 
while the end tidal CO, did not change 
significantly, this suggests that RVR 
decreased with improved oxygenation, they 
gave their patients CO, by inhalation, this 
acute rise in Pa CO, lead to highly 
significant rise in PI (decreased RBF ) even 
when hyperoxemia is maintained, and this 
suggests that acute changes in CO, levels 
might have a more dominant role than O2 
levels in determining RVR. 

The mechanism whereby hypoxemia 
affects renal haemodyanmics is not fully 
understood. In animal studies, changes in 
RBF secondary to hypoxemia are abolished 
by the denervation of the peripheral 


Discussion 


A reduction in renal blood flow has 
been consistently reported in patients with 
chronic respiratory failure from COPD. A 
fall in flow occurs during edematous 
exacerbation when Arterial Blood Gas 
(ABG) tensions worsen and then partially 
improve after recovery but remain 
chronically depressed (Howest et al., 1995). 

Lima et al. (2005) studied the effect 
of O, therapy in renal haemodynamic and 
excretion of sodium and water in COPD 
patients; they concluded that the use of 
oxygen caused increases of 36% in GFR, 
35% in filtered load of sodium, 118% in 
diuresis, and 258% in excreted load of 
sodium. These data suggest that oxygen- 
induced natriuresis and diuresis were likely 
more dependent of changes in the tubular 
manipulation of sodium than in glomerular 
haemodynamics. These changes occurred 
with a mild increase in PaCO2, showing 
that oxygen therapy caused renal 
improvement independently of amelioration 
of hypercapnia. 

The preservation of GFR in the face 
of the fall in RBF reduces renal filtration 
fraction and causes sodium and water 
retention by the kidney. 

This mechanism is likely to be 
important in the excessive fluid retention 
that is a feature of these patients, but the 
cause of the reduction in RBF is unknown. 
COP is normal or even raised in COPD 
patients, and the fall in RBF therefore 
represents a rise in renal vascular resistance 
(RVR) (Amiel et al., 1990). 
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during acute exacerbation with developm- 
ent of frank edema. 

Our results agree with Sharkey et al. 
(1997); who studied renal functional 
reserve in patients with COPD, he also 
measured the PI by Doppler ultrason- 
ography after giving the patients a protein 
load of 250 g steak (another method for 
measuring RFR), the PI fell significantly 
after the protein load in the normal subjects, 
in hypercapnic COPD patients, the PI rose 
after protein load to approach a statistical 
significant (p=0.06). 

Howest et al. (1996); in an ultrasound 
study of patients with stable COPD, found 
that hypercapnic patients had reduced RBF 
while the RBF was similar in normocapnic 
patients and normal controls. However, in 
our study we found non significant 
differences in baseline renal haemodyna- 
mics between the patients with COPD and 
the controls, possibly because our COPD 
patients had less severe respiratory failure 
with mean Pa O» 56.5 + 6.4 and mean Pa 
CO, 56.5 + 3.2. 

Howest et al. (1995); found signific- 
ant improvement of RBF in hypoxemic 
normocapnic COPD patients after dopam- 
ine infusion in diuretic dose as well as after 
oxygen therapy with no significant 
difference between the two modalities, and 
the effect of both together was not additive, 
this was not accompanied by any increase 
in COP measuring aortic blood flow. On 
the other hand, neither dopamine infusion 
nor oxygen improved RBF in hypoxemic 
hypercapnic patients, even when adding 
both modalities together and this agree with 
our results. 

Hypercapnia can reduce renal blood 
flow by several mechanisms. Firstly, it may 
cause direct renal vasoconstriction. 
Secondry, hypercapnia causes peripheral 
vasodilatation which inactivates the baror- 
eceptors with subsequent noradrenaline 
release which causes reduced RBF. 
Hypercapnia also increases noradrenaline 
levels by direct central sympathetic 
stimulation (Sharakey et al., 1998). 

The mechanisms causing edema in 
COPD are not fully known. Early studies 
proposed that the edema was simply due to 
right ventricular failure secondary to 
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chemoreceptors, and are attenuated by renal 
denervation but not influenced by 
adrenalectomy, this suggests that changes in 
RBF are caused by a reflex mechanism that 
is dependent on the sympathetic afferent 
nerves to the kidney and chemoreceptor 
stimulation (Wang et al., 2005). 

Sharkey et al. (1998); studied a group 
of normal and renal transplant subjects 
(with denervated kidneys) and measured 
their RVR in response to hypoxemia, they 
found that renal denervation did not 
completely abolish the reno-vascular 
response to hypoxemia. 

Nitric oxide (NO) may also have a 
role in the renal haemodynamic response to 
hypoxemia. Howest et al. (1996);found that 
hypoxemic COPD patients were unrespo- 
nsive to L-arginine, a NO precursor, while 
L-arginine caused renal vasodilatation in 
normal subjects; therefore, concluded that 
the disturbance in reno-vascular tone seen 
in hypoxemic COPD patients may be due 
to disturbance of the NO pathway. 

In our study we tried to study the 
effect of chronic hypercapnia on RBF in 
COPD patients with compensated type II 
respiratory failure, from the previous 
studies we concluded that the effect of 
hypoxemia on RBF is reversible by giving 
those patients oxygen. So, in our COPD 
patients we gave them oxygen 2 hours 
before and throughout the study to keep 
their PaO, above 60 mm Hg, and their 5302 
above 90%. 

In our study the baseline PI was 
similar in COPD patients and in the normal 
subjects, with dopamine infusion (in renal 
vasodilator dose ) we found a significant 
decrease in PI in normal controls , but we 
did not found decrease in PI in our COPD 
patients, but conversely we find significant 
increase in PI , i.e. there was an increase in 
RVR with dopamine infusion. 

The fall in PI in our control subjects 
suggests that they had renal vasodilation 
following dopamine infusion, while the 
hypercapnic COPD patients had increased 
vasoconstriction after dopamine infusion 
even after correction of hypoxemia. 
Reduced renal functional reserve suggests 
an inability to increase RBF, and such 
patients may be more prone to reduced RBF 
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simultaneously correct both blood gas 
abnormalities (such as non invasive 
ventilation) might be more effective in the 
treatment of cor-pulmonale than oxygen 
therapy alone in such patients. 

From our study, we recommend that 
(1): avoid conditions which may increase 
renal vascular resistance in hypercapnic 
COPD patients, as dopamine infusions in 
diuretic dose and high protein diet, 
especially during acute exacerbations and 
till correcting Pa CO, levels by mechanical 
ventilation, to avoid acute renal damage 
(2)Further studies are needed to show the 
effect of long term use of some drugs as 
ACE inhibitors and other renal vasodirators 
on renal functional reserve of such patients 
and if they have any beneficial effect or not. 
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احتفاظ الكلى بوظائفها فى مرض السدة الرئوية المزمنة 
المصاحبة للاتزان المزمن للفشل التنفسى (النوع الثانى) 


منال محمود قسم * / نسرين المرجوشى ** /حسن شلبى*** /أية 
عبد “ere a) ll‏ 
أمراض باطنة كلية الطب جامعة عين شمس * - قسم البحوث الطبية و الإشعاعية هيئة 
المواد النووية ** 
قسم الصدر كلية الطب جامعة عين شمس **+* 


لكى تحتفظ الكلى بوظائفها فى صورة طبيعية تقوم بزيادة معدل سريان pall‏ بها 
كرد فعل لبعض المنبهات مثل حقن الدوبامين » أو زيادة تناول البروتينات بالفم » أو 
pie‏ الأحماطن Adve‏ فنقصن أو غات المعدلات الطبيعية لرظائت الكل بعد انذار. 
للفشل الكلوى. 
تحتوى هذه الدراسة على 15 مريض من المصابين بالسدة الرئوية المزمنة و 
المصاحبة لأتزان الفشل التنفسى ( النوع الثانى ). و أيضا" 5 أشخاص أصحاء 
eon ee gees‏ 
مجموعة المرضى يعانون من نقص نسبة الأكسجين فى عينات غازات الدم لذا 
يستخدمون أكسجين خارجى لزيادة نسبة الأكسجين بالدم بحيث لا تؤثر على نسبة ثانى 
أكسيد الكربون بالدم. 
مؤشر الخفقان هو مؤشر لمقلومة الأوعية الدموية الكلوية . و يقاس بطريقة 
غير هجومية (دخولية) وهى الرسم بالموجات فوق الصوتية (الدوبلر ) وذلك 
للمرضى بدون حقن الدوبامين ثم 20 دقيقة بعد حقن الدوبامين بالجرعة المدرة للبول . 
وقد نتج عن ذلك :- 
- تشابه النتائج فى مؤشر الخفقان بين المرضى و الأصحاء قبل حقن الدوبامين. 
- نقص مؤشر الخفقان بدرجة ملحوظة فى مجموعة clara]‏ بعد حقن الدوبامين. 
- زيادة مؤشر الخفقان فى مرضى السدة الرئوية المزمنة بعد حقن الدوبامين. 
من هذه النتائج يتضح لنا أن وظائف الكلى تتناقص مع زيادة نسبة ثانى أكسيد 
الكربون فى مرضى السدة الرئوية المزمنة و هذا عامل لحدوث الانتفاخ ( التورم ) 
المتكرر فى هؤلاء المرضى . 
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